Abstract. Current methods for diagnosing thyroid carcinoma are time consuming or expensive. Thus, alternative approaches are required. In the present study, microRNAs (miRNAs) with higher sensitivity and specificity were screened while distinguishing between differentiated thyroid carcinoma (DTC) and subtype papillary thyroid carcinoma (PTC). A total of 120 cases suspected of having thyroid carcinoma were selected and examined using clinical color Doppler ultrasound, and computed tomography scan at the same time. The tissue specimens were obtained with fine needle aspiration, multiphase biopsy and surgical resection. The expression of miR146b, miR221 and miR222 was detected uisng the RT-quantitative polymerase chain reaction method. The receiver operating characteristic curve was used to obtain the cut-off value. Pathological examination identified 8 cases of normal thyroid tissue; 9 cases of hyperplastic nodules; 12 cases of thyroid adenoma; and 91 cases of thyroid carcinoma, of which 59 cases were DTC, 15 cases were follicular carcinoma and 17 cases were undifferentiated carcinoma. In the thyroid carcinoma, the expression levels of miR146b, miR221 and miR222 were significantly higher than those of other tissues (P<0.05). The expression levels of these miRNAs in the differentiated type were also significantly higher than those in the undifferentiated type (P<0.05). A comparison of the differentiated subunit identified no statistically significant difference (P>0.05). Following diagnosis of DTC, the area under curve (AUC) of miR146b, miR221 and miR222 was 0.832, 0.806 and 0.745, respectively; the cut-off values were 1.346, 1.213 and 1.425, respectively; susceptibility was 72.8, 71.5 and 68.7%, respectively; and specificity was 62.3, 60.9 and 59.3%, respectively. The AUC of the combined miR-146b and -221 following diagnosis of PTC was 0.695; the cut-off values were 1.506 and 1.462, respectively; susceptibility was 78.9%; and specificity was 68.5%. The AUC of the combined miR-146b and -222 was 0.677; the cut-off values were 1.523 and 1.443, respectively; susceptibility was 76.3%; and specificity was 66.4%. The AUC of the combined miR-221 and -222 was 0.662; the cut-off values were 1.564 and 1.437, respectively; susceptibility was 74.9%; and specificity was 68.2%. In conclusion, miR146b, miR221 and miR222 may be used as susceptibility and specificity indices of DTC, although they cannot be used as susceptibility or specificity indices for distinguishing PTC. Combining the two indices together can improve diagnostic accuracy to a certain extent.
Introduction
Diagnosis of thyroid neoplasm mainly depends on symptoms such as palpation, color Doppler ultrasound, endocrine hormone, fine needle aspiration (FNA) and pathology. Susceptibility of color Doppler ultrasound and computed tomography (CT) scan when diagnosing thyroid neoplasm can be ≤75%, with a specificity of ≤73% (1) . Multiphase FNA can improve the susceptibility of diagnosing thyroid neoplasm to 88% and specificity to 79%, but it is difficult to trace (2) and requires high technology. Although pathology is the 'gold standard' for diagnostics, surgery is required to obtain specimens, delaying diagnosis and preventing early screening of tumor. Recent findings have shown that as a type of non-coding single-stranded RNA molecule coded by an endogenous gene, microRNAs (miRNAs) are closely assoicated with the occurrence and development of many diseases (3) . According to analysis of the miRNA chip, the expression of miRNA146, miRNA155, miRNA187, miRNA221, miRNA222, and miRNA21 in differentiated thyroid carcinoma (DTC) were ~5-to 10-fold higher than that of normal thyroid tissues (4). miRNA224 and miRNA339 are highly expressed in thyroid neoplasm, whereas miRNA141 was markedly decreased in Hashimoto's thyroditis (5) and miRNA154, miRNA376b and miRNA431 were markedly downregulated ~5-fold in Graves disease (6 Thus, miRNAs may be used as a reliable marker and applied in the diagnosis and prognostic evaluation of thyroid diseases (7) . Thyroid carcinoma papillary thyroid carcinoma (PTC) has the highest incidence of thyroid carcinoma. Previous findings have identified that miR146b, miR221 and miR222 is expressed in PTC (8) . In the present study, the expression conditions in various types of thyroid were examined using receiver operating characteristic (ROC) curve to compare whether single index or a combination of indices improved the susceptibility and specificity of diagnosis. The main instruments used included, fluorescent quantitative PCR (Rotor-Gene 6000; Qiagen, Hilden, Germany), ultraviolet spectrophotometer (Smartspec Plus 300; Bio-Rad, Berkeley, CA, USA), hypothermia high-speed centrifuge (centrifuge 2810R; Eppendorf AG, Hamburg, Germany), 96-well reverse transcription plate (Axygen Scientific, Inc., Union City, CA, USA) and -80˚C deep freezer (Sanyo Electric Co., Ltd., Tokyo, Japan).
Patients and methods

Patient information.
According to the TRIzol reagent instructions, the one-step method was used to extract all RNAs in tissues. Agarose gel electrophoresis was used to detect its integrity and measure concentration and purity of the RNAs under an ultraviolet lamp and ultraviolet spectrophotometer. Reverse transcription was then performed. To determine the quantitative PCR reaction, samples were preserved at -20˚C by original LNA™ PCR primer set (miR-146b, -221 and -222) and internal reference U6 reference gene primer mix. cDNA reaction product (10 µl) was diluted 80-fold, and 1.5 ml of diluted cDNA (4 µl) was mixed with SYBR-Green master mix (5 µl) and primer mix (1 µl) in a centrifuge tube at 11,000 x g for 3 min at room temperature and subsequently transferred to nuclease-free PCR tubes. The reaction conditions were: denaturation 95˚C for 10 min (polymerase activation), annealing 95˚C for 10 sec, and extension 60˚C for 1 min, with a decreasing velocity of 1.6˚C/sec and 40 cycles. Rotor-Gene 6000 Series Software 1.7 (Qiagen, Valencia, CA, USA) was used to process the data and obtain the Ct value. The relative quantity of sample target genes were calculated by 2 -ΔΔCt with U6 as an internal reference and H 2 O as the negative control.
Statistical analysis. SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for data input and analysis. Measurement data were shown as the mean ± standard deviation and comparisons between groups were analyzed by single-factor ANOVA. Independent samples t-test was used to examine comparisons between two groups. Diagnostic accuracy was analyzed by area under curve (AUC) of ROC. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparisons of miRNA expression levels between groups.
There were 8 cases of normal thyroid tissue; 9 cases of hyperplastic nodules; 12 cases of thyroid adenoma; and 91 cases of thyroid carcinoma, of which 59 cases were DTC, 15 cases were follicular carcinoma and 17 cases were undifferentiated carcinoma. In thyroid carcinoma, the expression levels of miR-146b, -221 and -222 were significantly higher than those of other tissues (P<0.05). These indicators of differentiated type were also significantly higher than those of undifferentiated type (P<0.05). A comparison of the differentiated subunit, indicated no statistically significant difference (P>0.05; Fig. 1 ).
Susceptibility and specificity of miRNAs following diagnosis of DTC. DTC was considered as a diagnosis and others (diseases except DTC) as reference. The expression levels of miR-146b, -221 and -222 were plotted into a ROC curve. The AUC of miR-146 following diagnosis of DTC was 0.832, when 2 -ΔΔCt =1.346, susceptibility was 83.2%, and specificity was 79.6%. The AUC of miR-221 after diagnosis of DTC was 0.806, when 2 -ΔΔCt =1.213, susceptibility was 81.6%, and specificity was 77.4%. The AUC of miR-222 following diagnosis of DTC was 0.745, when 2 -ΔΔCt =1.425, susceptibility was 78.4%, and specificity was 73.9% (Fig. 2) .
Susceptibility and specificity of single index and a combination of indices of miRNAs following diagnosis of PTC.
PTC was considered as the diagnosis and follicular carcinoma as the reference. The expression levels of miR-146b, -221, -222 and combinations of two types were plotted into a ROC curve. The AUC of miR-146 following diagnosis of PTC was 0.644, when 2 -ΔΔCt =1.572, susceptibility was 72.8%, and specificity was 62.3%. The AUC of miR-221 following diagnosis of PTC was 0.633, when 2 -ΔΔCt =1.492, susceptibility was 71.5%, and specificity was 60.9%; the AUC of miR-222 following diagnosis of PTC was 0.615, when2 -ΔΔCt =1.448, susceptibility was 68.7%, and specificity was 59.3% (Fig. 3) . The AUC of combined miR-146b and -221 following diagnosis of PTC is 0.695, when 2 -ΔΔCt was 1.506 and 1.462, respectively, susceptibility was 78.9%, and specificity was 68.5%. The AUC of combined miR-146b and -222 following diagnosis of PTC is 0.677, when 2 -ΔΔCt was 1.523 and 1.443, respectively, susceptibility was 76.3%, and specificity was 66.4%. The AUC of combined miR-221 and -222 following diagnosis of PTC is 0.662, when 2 -ΔΔCt was 1.564 and 1.437, respectively, susceptibility was 74.9%, and specificity was 68.2% (Fig. 4) .
Discussion
Mature miRNA engages in the formation of RNA-induced silencing complex, known as the miRNA ribonucleoprotein complex (7) . In the majority of cases, single-stranded miRNA of compounds and 3'UTR of its homologous mRNA have incomplete complementary pairing, which interrupts translation of this gene and regulates the protein expression. In addition, miRNA and its mRNA have complete complementary pairing, which leads to a specific fracture of target mRNA in the complementary region and gene silencing (9) . This feature of miRNA can be used as a sensitive indication during the diagnosis of diseases in the early stage (10).
Chen et al (11) identified that compared with follicular adenoma, PTC markedly upregulates miR-146b, -221 and -222, while no difference was identified for the expression of -146a, -155 and -187. Compared with non-PTC, including poorly differentiated adenocarcinoma, hyperplastic nodules and normal thyroid tissue, miR-146b was highly expressed in PTC while there was no distinctive difference in the subtypes of DTC. Nikiforova et al (12) also compared BRAF, RAS and RET, three types of different mutations of PTC, and identified that miR-187 and -146b expression was downregulated in the RAS and BRAF mutational group, while this expression was upregulated in the RET mutational group, with the expression levels of the BRAF and RAS mutational groups being the highest (12) . Through flat plate clone test, it was found that compared with the control group, clone numbers of PTC cells of transfected miR-221 were more than double (13) . Conversely, by calculating cells at 72 and 96 h after knocking out miR-221, it was found that cell counts decreased ~0.3-fold compared with the control group. Thus, the expression of miR-221 may be significantly associated with the cell proliferation of PTC. Follicular adenocarcinoma (FTC) is only 10% of DTC. Colamaio et al (14) found that compared with normal thyroid tissues, the expression of miR-191 significantly decreased in FTC, and that upregulated miR-191 in the WRO cell line of FTC, not only changes cell morphology, but also inhibits cyclin CDK6, and blocks cells in the G1 period, which inhibits cell proliferation and migration.
Based on the above results, the present study identified that miR-146b,-221 and -222 are highly expressed in DTC, although there was no difference in the subtypes of DTC. According to the ROC curve, single miR-146b, -221 or -222 can be used as higher indices of susceptibility and specificity while diagnosing DTC, but single index does not perform well while distinguishing PTC, and combinations of the two types improved diagnostic accuracy, and there was no distinctive difference. However, compared with the single index while diagnosing DTC, susceptibility and specificity were not optimal; thus, there was no distinctive difference between miR-146b, -221 or -222 in the different subtypes of DTC. The significance of the different expressions of miRNA in various diseases remains to be determined. In addition, how it regulates and controls cell proliferation, migration and differentiation in various types of tumor and specific cell signaling pathways has yet to be determined. Thus, whether different subtypes of DTC have miRNAs of obvious differential expression remains to be elucidated.
